Studying temporal changes of land use and land cover (LULC) from satellite images has been conducted in Vietnam several years. However, few studies have been done to consider seriously the relationship between LULC changes and the fragmentation of landscape. Hence, analysing the changes of LULC and landscape pattern helps revealing the interactions between anthropogenic factors and the environment, through which planning actions could be effectively supported. The present study aimed to examine these changes in the surroundings of Danang City, Vietnam from 1979 to 2009 based on Landsat Multi-Spectral Scanner (MSS), Landsat Enhanced Thematic Mapper Plus (ETM+) and ASTER satellite images. The Multivariate Alteration Detection (MAD) approach was employed for processing and postclassification change detection, from which key landscape indices were applied by using FRAGSTATS. The results showed that during the whole study period, there was a notable decrease of forestland, shrub, agriculture and barren while urban areas expanded dramatically. Further spatial analysis by using landscape metrics underlined the evidence of changes in landscape characteristics with an increase in total number of patches and patch density while the mean patch area decreased during the span of 30 years. Consequently, the landscape structure of Danang city became more fragmented and heterogeneous.
INTRODUCTION
Urbanization is believed one of the most prevalent anthropogenic causes of the losing arable land, devastating habitats, and the decline in natural vegetation cover (Dewan and Yamaguchi, 2009) . As a consequence, rural areas have been converted into urban areas with an unprecedented rate and making a noted effect on the natural functioning of ecosystems (Turner, 1994) . Consequently, a profound understanding of land use change is very important to have a proper land use planning and sustainable development policies (Braimoh and Onishi, 2007) .
According to Myint and Wang (2006) , to fulfil such a sustainable urban development, urban and regional planners have to summarise from numerous decisions. However, these decisions must be extracted from huge data sources which represent physical, biological and social parameters of urban areas in the continued spectrum of spatial and temporal domains. Hence, it is important to have an effective spatial dynamic tool, which is used to understand urban land-use and land-cover change (LULC) for predicting future change. Compared with various methods used to collect land use data, remote satellite technologies has proven its capacity in providing accurate and timely information on the geographic distribution of land use, especially for regional size areas (Sun et al., 2009) . With the support of Geographical Information Systems (GIS), satellite images can effectively estimate and analyse changes and LULC trends (Hathout, 2002) .
Due to the fact that the rapid LULC change of one certain area is the driving force of change in ecological environment, which is continuously transforming landscape structure, thereby a need for comprehensive assessing and analyzing the change in landscape at broad scales is required. Importantly, understanding the changes in spatial contribution of landscape pattern helps revealing the critical implication of complex relationship between anthropogenic factor and environment (Ning et al., 2010) . To describe fragmentation and spatial distribution, a range of landscape metrics was calculated for each land use/cover class from satellite classification results by FRAGSTATS (Kamusoko and AniYa, 2006) . After the adoption of the "DOI MOI" policy in economy of the national assembly in 1986, Danang city has developed in many aspects. In addition, it was separated from Quang Nam Province in 1997 and has officially become an administration unit that directly belongs to the government. Since then, Danang city has asserted as the important position in nation level and the crucial factor of the main region economy of Middle area. This has caused the incessant land use/cover change in Danang for over past 20 years. Through exploring the land use map extracted from satellite data of different periods, the aims of the present study were to detect, quantify and characterise the changes of land use/cover and landscape fragmentation in Danang region.
STUDY AREA
Danang city is located in Middle Central of Viet Nam, between the 15°55'19" to 16°13'20"N and 107°49'11" to 108°20'20"E (Figure 1) . It is a long-stretching narrow region and well known as a dynamic city of the Key Economic Zone in central Viet Nam. The area consists of hills and mountains in the northwest and the Eastern Sea in the east. The altitude varies from 400m to 1524m above sea level; next to is the upland with low mountains and the delta takes ¼ areas in the southeast; it covers an area of 1,283.42km 2 , including Hoang Sa island district of 305 km 2 . Climate of Danang city is in the zone of typical tropical monsoon. The average annual temperature is about 26 o C, average rainfall is about 2,505mm per year and average humidity is 83.4%. There are two main seasons annually: the wet (August-December) and the dry (January-July). In 2009, the total population is about 887,070 and the population density is 906.7 persons per km 2 . Danang city is known as one of the most densely populated and urbanized area in Vietnam. With the economy development and population increasing, the local LULC in Danang city has changed seriously.
DATA AND METHOD

Data sources and Image preprocessing
Landsat and ASTER imagery were used for this study. The following criteria were considered for choosing proper data: (1) the images should be long time enough for detecting the land use change; (2) study area should not have cloud cover. Unfortunately, the study area is located near coastal. Due to the influence of weather, there are not many data satisfied both conditions. The images always have some thick cloud cover or haze. In addition, the study area is not entirely contained within one scene of Landsat either ASTER. Therefore, having acquisition images near anniversary dates for changing detection as Jensen mentioned (2005) Because Landsat and ASTER imagery were collected at level 1T and 1B respectively, geometric correction do not require. However, images were acquired at different spatial resolution and projections. Therefore, all images were first rectified to Universal Transverse Mercator (UTM) coordinate system, Datum WGS 84, Zone 48 North for matching the geographic projection of the reference data. Images were also co-registered together within 25 well distributed GCPs (ground control points) and polynomial 1sd by means of OrthoEngine provided by PCI Geomatica 10.3 software. RMS <0.5 was received. In addition, Nearest Neighbour resampling was set for not changing heavily the radiometric characteristic of image. In this study, the iteratively re-weighted multivariate alteration detection (IR-MAD) transformation was used for automatic radiometric normalization for all images by means of ENVI 4.3 software; see (Canty, 2010 , A. A. Nielsen et al., 1998 , Canty and Nielsen, 2008 . ASTER 02/04/2009 was chosen as reference image. However, this image does not cover all the region of study area, therefore a subset of 1800x1100 pixels with 30m spatial resolution including 968.17km 2 was created for all images for further studying. This territory was chosen to ensure the specific study area was in the analysis image. Besides the requirement of the same dimension, images must have the same spectral resolution. Hence, the composite of standard false colours was used for this study: Landsat MSS (754); Landsat TM/ETM+ (432); ASTER (321).
LULC classification and Change detection
Six land use/cover classes were defined for image classification based on the modified Anderson land use/cover scheme level I (Anderson et al., 1976) , included: (1) water, (2) forest, (3) shrub, (4) agriculture, (5) barren and (6) urban land. Anderson classification scheme was chosen because of the major land use/cover classes using images with differences in spatial resolution, which are Landsat MSS, Landsat ETM+ and ASTER. Supervised classification using maximum likelihood approach in ENVI 4.7 was individually applied for each image of study area to classify land use/cover. Maximum likelihood algorithm was preferred because this rule is considered to have accurate results because it has more accurate results than other algorithms (Mengistu D. A. and Salami A. T., 2007 , Reis, 2008 , Diallo Y. et al., 2009 ).
Because of various image acquisition dates, training areas for the images of the years 1979, 2003 and 2009 were different during the classification. In addition, the training areas were verified by references data. As the next step, post-classification comparison change detection algorithm was selected to detect changes in LULC from 1979 to 2009 in study area in order to minimize the problem in radiometric calibration of imagery of two different dates. For comparison of the classification results of two dates, a change detection matrix was created based on pixel-by-pixel (Jensen, 2005) . Thereby, each type of from-to LULC change is identified.
Landscape fragmentation
To quantify landscape structure of this study, FRAGSTATS was applied because this spatial statistic program offers a comprehensive choice of landscape metrics. This program was created by decision maker, forest manager and ecologists therefore it is appropriate for analyzing landscape fragmentation or describing characteristics of landscape, components of those landscapes (Keleş et al., 2008) . However, landscape patterns were complicated; hence, to clarify the relationship of spatial pattern and process it cannot use single metric alone (Ning et al., 2010 , Esbah et al., 2009 ).
Based on the scale of study area (i.e. the district level) and its characteristic as well, eight related landscape metrics were selected: (1) total class area, (2) percentage of landscape, (3) number of patches, (4) largest patch index, (5) average size of patches, (6) mean patch shape, (7) proximity index, (8) Euclidean nearest distance, (9) Interspersion and juxtaposition index, (10) Shannon's diversity index, (11) Shannon's evenness index. A brief description of those landscape metrics used in study was given in Table 2 . Those descriptions could be also found at user's guide of FRAGSTATS TM (McGarigal, 2002 (Anderson et al., 1976, Kamusoko and AniYa, 2006) .
The LULC maps of study area were generated for all three years ( Figure 3 ) and classification area statistics were summarised in table 3. The classified areas were measured by multiplying the number of pixel with spatial resolution of remote data (i.e. 30m), in which the pixel number was determined after applying postclassification analysis. And then changes were defined based on the difference of pixel number between two dates. Based on Figure 2, To provide a further comprehensive calculation in losing and gaining among the six LULC classes, the from-to change matrix of land use/cover in Danang city were created in three intervals, 1979-2003, 2003-2009 and 1979-2009 (Table 4) . In cross tabulation, unchanged pixels were located along the major diagonal of the matrix while conversion values of classes were arranged in descending order. As can be seen from the Tables 3  and 4 1979-2003, results showed that agriculture, barren and forestry decreased strongly while urban area, shrub and water body increased, notably the raising of urban area. Table 4(a) indicated that the expansion of urban area was the most dramatic changes in the region, which was the result of promptly growing up of economic after applying "DOI MOI" policy. Based on statistic, 4585.41ha of urbanized area in this period was calculated, which was nearly as large as the coverage of urban area in 1979, thus representing an increase of 73%. Analysing the component of the conversion of growth in urban area, 42.6% was converted from forestry, 25.3% from barren and 22.3% from shrub. The coverage of water body between 1979 and 2003 was significant difference because of the construction of two new reservoirs in study area. In second period, from 2003 to 2009, urban area was the only one which continuously increased, whereas the other classes decreased. Statistic from Figure 3 , the difference of spatial distribution of urban area could be clearly observed by the years. In 1979, the urban area dispersedly located along the costal line. By 2003, this area was expanded more concentrated along coastal zone and moved toward Sontra peninsula. From 2003 to 2009, the urban expansion changed the direction from costal toward in land.
Fragmentation Analyses
From LULC maps in 1979 and 2009, three most changing classes (agriculture, urban and forest) were chosen to compute spatial landscape matrices at class level by means of FRAGSTATS software (Table 5) The comprehension analysis in landscape level showed the evidence of fragmentation of landscape with the increasing of total number of patches from 8331 to 47040 while the mean patch area decreased from 11.6 to 2.1 during the whole study period. In addition, both Shannon's diversity and evenness indices in 2009 were greater than in 1979, showing the slight increase of the landscape heterogeneity and evenness. The decrease of mean nearest-neighbour distance (ENN_MN) from 151.2 to 92.2 whereas the mean proximity index (PROX_MN) became higher revealed that patches tended less isolated. Besides, interspersion and juxtaposition index (IJI) from 77.2 to 81.3 indicated a trend towards the uniform configuration of landscape. 
CONCLUSIONS
By using the remote sensing and GIS techniques, this paper describes the analysis of LULC and landscape change in the Danang region, Vietnam during the period 1979-2009. The analysis carried out found that a notable decrease of agriculture, forest, barren and shrub because of conversion to urban land during the span of 30 years has taken place. For further understanding, key landscape indices were set for three main classes to perform the different changes in landscape structure in the surroundings of Danang city. The dynamic change of class indices revealed the break-up of this area into smaller patches. However, except agriculture, patches of forestry and urban tended to have a uniform landscape configuration. Accordingly, urban area showed the expansion in a concentrated way.
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